Lactarius is an important ectomycorrhizal genus (Basidiomycota, Russulales) and a subset of species occur in arctic and alpine habitats. These species are well known in Europe, Greenland, Svalbard and Scandinavia; however there is scant information from the Rocky Mountain alpine zone in North America. Here we report five Lactarius species from above 3000 m at latitude 45º N in the northern Rockies and above 3700 m at latitude 36º -38º N in the southern Rockies. Lactarius lanceolatus, L. nanus, L. salicis-reticulatae and L. repraesentaneus are reported with Salix species and L. glyciosmus with Betula glandulosa. All have been recorded from Finland at 68 º -70 º N at much lower elevations (300-1000 m) in the alpine, subarctic and subtemperate zones.
Introduction
Lactarius is a diverse genus with over 400 species described worldwide (Verbeken 2001) . In the northern hemisphere, Lactarius is ectomycorrhizal and particular species may be restricted to certain host plants (Heilmann-Clausen et al. 1998) . A limited number of Lactarius species occur in arctic and alpine habitats in the Northern Hemisphere where they are primarily associated with Salix, Betula and Dryas. Research has shown that shrubs (primarily willows) are expanding their range in arctic and alpine tundra (Sturm et al. 2001) . DeSlippe et al. (2011) suggest that increased mycorrhizal diversity and larger mycorrhizal networks may further increase shrub expansion in the arctic, highlighting the importance of ectomycorrhizal fungi in this system. Thus the limited number of ectomycorrhizal fungi (including Lactarius) able to associate with shrubs in cold, harsh environments may become increasingly important as climate change shifts microbial communities (Cripps & Eddington 2005) .
Thirty to forty species of Lactarius have been reported from arctic-alpine habitats in Alaska (Miller et al. 1973 , Laursen & Ammirati 1982 , Geml et al. 2009 ), the Canadian Arctic (Ohenoja 1972 , Ohenoja & Ohenoja 1993 , Greenland (Lange 1955 , Knudsen & Borgen 1982 , Borgen et al. 2006 , Svalbard (Ohenoja 1971 , Gulden & Torkelsen 1996 , Geml et al. 2012 , Iceland (Hallgrímsson 1993) , Norway (Gulden et al. 1985 , Gulden & Jenssen 1988 , Gulden 2005 , Sweden (Knudsen & Vesterholt 2012) Finland (Kallio & Kankainen 1964 , Kallio 1982 , Korhonen 1984 , Gulden et al. 1985 , Ohenoja 1996 , Knudsen & Vesterholt 2012 , the Alps (Favre 1955 , Kühner 1975 , Bon 1985 , Senn-Irlet 1988 , Bon 1998 , Graf 1994 , Jamoni 1995 , Krän-zlin 2005 , the Pyrenees (Corriol 2008) , the Carpathians (Ronikier 2008) , and the urals (Knudsen & Mukhin 1998) .
A few papers have addressed other genera from the Rocky Mountain alpine zone south of the Canadian border, including Amanita , Laccaria (Osmundson et al. 2005) , Inocybe , Arrhenia (Cripps & Horak 2006) and Hebeloma (Miller & Evenson 2001) but none have addressed the genus Lactarius in the North American alpine tundra outside of Alaska, Greenland, and Arctic Canada. In North America, over 200 species of Lactarius have been reported by Hesler & Smith (1979) but arctic-alpine species were not covered.
Previously, a few Lactarius species were included in checklists from the Rocky Mountain alpine zone , Cripps & Ammirati 2010a ) and here we report actual collection data with ecological notes. Most are the first official reports of these species from the Rocky Mountain alpine zone south of the Canadian border. All of the species reported are known from Finland at lower elevations and comparisons will be made as to ecology. Results from phylogenetic analysis of the internal transcribed spacer (ITS) region of ribosomal DNA and the region between conserved domains 6 and 7 of the nuclear gene encoding the second largest subunit of RNA polymerase II (rpb2) are currently being compiled for North American and Eurasian (including some Finnish) collections of the taxa presented in this paper. This article is part of the proceedings of the 9 th International Symposium of Arctic and Alpine Mycology (ISAM) 
Material and methods
In North America the Rocky Mountains extend from New Mexico to Alaska and consists of widely dispersed fragmented islands of alpine tundra on mountain tops. In this study, all sites are south of the u.S.A. -Canadian border (Fig. 1) . The study sites in the north-central Rocky Mountains are on the Beartooth Plateau above treeline at 3000 m a.s.l. and extend along the Montana/Wyoming border at latitude 45º N (Fig. 2) . The plateau is comprised of a mosaic of meadows, wetlands and talus fields with predominantly granite-derived soils (Johnson & Billings 1962) . The southern Rocky Mountain sites sit above the treeline at 3700 m a.s.l. in the Front Range, Sawatch Range, and San Juan Range of Colorado at latitudes between 36º N and 38º N. These sites extend along the Continental Divide encompassing a wide range of alpine habitats, including meadows, wetlands, dwarf Salix and Dryas patches, and talus fields (Eddleman & Ward 1984) . The soils throughout the range of study sites in Colorado vary considerably, from granitic to limestone-derived. Climatic data for the southern tundra is scare but can be found in Bowman & Seastedt (2001) .
The primary ectomycorrhizal plants of Rocky Mountain alpine areas include dwarf willows Salix reticulata L., S. arctica Pall. and rarely S. rotundifolia Trautv. and S. cascadensis Cockerell. Of shrub willows S. glauca L. is more common in the south and S. planifolia Pursch is more common in the north; the bog-birch Betula glandulosa Michx. occurs only sporadically in each area (Scott 1995) . The mat forming Dryas octopetala L. is host to some ectomycorrhizal fungi in this alpine environment, however no Lactarius species were found in association with this plant.
Specimens were collected from late July to late August and from 1997 through 2011. Selected collections were photographed and described in detail. All were dried and stored either at Montana State university, Bozeman (MONT) or the Institute of Integrative Biology, ETH, Zurich, Switzerland (ZT). Dried material was reconstituted with ethanol and microscopic features examined in Melzer's solution (spores) or 2.5% potassium hydroxide (cystidia and basidia). For a random sample of 25 basidiospores, length and width was measured, excluding ornamentation and hilar appendix. Maximum height of the ornamentation was also measured, and the pattern of ornamentation described. Length and width of ten pleurocystidia, ten cheilocystidia and five basidia were measured (data not shown). Comparisons were made to known species of Lactarius for identification. Comparisons to species from Finland are included for each species as to occurrence and ecological notes.
Results and discussion
Lactarius glyciosmus (Fr.) Fr.
Short diagnosis for Rocky Mountain specimens:
this species is recognized by the glaucous, more or less papillate, pale gray-brown to mauve (purple-brown), azonate to slightly zoned pileus, cream to pale orange lamellae, pale yellow to drab orange-brown stipe, watery, clear latex, mild taste and odor of coconut. The spores are 6-9 × 5-7 μm, on average 7.6 × 6 μm, broadly ellipsoid to ellipsoid, with ornamentation up to Smith & Hesler (1979) reported this species from subalpine habitats with Betula and Alnus from eastern, central, and western u.S.A. and Canada. For arctic-alpine areas of North America, it has also been reported from Alaska (Laursen & Ammirati 1982 , Geml et al. 2009 ), the Northwest Territories of arctic Canada (Ohenoja & Ohenoja 1993 and Québec (Hutchison et al. 1988 ) near mixed Betula and Salix spp. It is also known from Greenland (Knudsen & Borgen 1982 , Elborne & Knudsen 1990 , Borgen et al. 2006 ) and many arctic-alpine areas across the northern hemisphere where it associates primarily with Betula species. This includes Iceland (Halgrímsson 1993), the Alps (Bon 1985 , 1998 , Graf 1994 ) and Svalbard (Gulden & Torkelsen 1996) . It is recorded from Finland and other Scandinavian countries with Betula in alpine as well as subtemperate and subarctic areas at low elevations (Kallio & Kankainen 1964 , Korhonen 1984 , Ohenoja 1996 , Knudsen & Vesterholt 2012 . Subalpine fruiting bodies can be much larger than our alpine specimens and there appears to be large variation in size and coloration for this species (Heilmann-Clausen et al. 1998 ).
Lactarius lanceolatus O.K. Mill. & Laursen

Short diagnosis for Rocky Mountain specimens:
this is the only species found to date from our alpine sites with an overall orange brown or red brown fruiting body and pale orange lamellae and stipe. The latex is colorless, the taste mild, and odor faint. Spores are 7-9 × 6.5-8 μm, on average 8.6 × 7.2 μm, subglobose to ellipsoid; ornamentation is to 0.5 μm high, of fine ridges and isolated warts forming an incomplete reticulum. Cystidia are large and lanceolate, but this may not be completely diagnostic as other species also have long cystidia.
Rocky Mountain ecology:
This species is recorded in the alpine zone with willow (primarily S. reticulata) from several areas of the Beartooth Plateau at elevations of 3100-3300 m. 
Cripps 2319 (MONT).
Lactarius lanceolatus was first described from the Alaskan tundra (Miller et al. 1973 ) and is also reported from Arctic Canada (Ohenoja & Ohenoja 1993 for North America. A taxon with an affinity to this species has been described by Laursen &Ammirati (1982) from Alaska with Salix and Betula. Lactarius lanceolatus is reported from Greenland (Borgen et al. 2006) , Siberia (Knudsen & Muhkin 1998) , Svalbard (Gulden & Jenssen 1988 , Gulden & Torkelsen 1996 and the Alps (Bon 1998) (Kühner 1975) , Northern Norway (Gulden et al. 1985) and other Scandinavian countries (Knudsen & Vesterholt 2012) at much lower elevations.
Lactarius nanus J. Favre - Fig. 3 Short diagnosis for Rocky Mountain specimens: this species is recognized by the tiny fruiting bodies (typically 1-2 cm in diam.), moist, mauve or brownish cap, well-separated pale orange lamellae, pale orange stipe, clear latex, sharp taste and indistinct odor. Spores are 7-10 × 6-8 μm, on average 8.4 × 6.9 μm, subglobose to ellipsoid; the ornamentation is to around 0.7 μm high, of ridges and warts, connected to form an incomplete reticulum.
Rocky Mountain ecology: this species occurs in wet areas of the alpine zone with dwarf Salix species, primarily S. arctica on our sites in both the northern and southern Rocky Mountains from 3100-3840 m. (Ohenoja & Ohenoja 1993 and from Greenland (Knudsen & Borgen 1982 , Borgen et al. 2006 . It occurs in many other arctic-alpine habitats (Favre 1955 , Kühner 1975 , Graf 1994 , Jamoni 1995 , Gulden & Torkelsen 1996 , Gulden et al. 1985 , Bon 1998 , Corriol 2008 , Ronikier 2008 . Ronikier (2008) suggests it may be more common in the alpine than the arctic and she presents a complete list of references. It is also reported with S. herbacea L. (Gulden et al. 1985 , Graf 1994 and S. retusa L. (Kränzlin 2005) . This species is known from several Nordic countries and from Finnmark (Ohenoja 1996) , and is reported as possibly occurring in Finland (Gulden et al. 1985) .
Lactarius repraesentaneus Britzelm.
Short diagnosis for Rocky Mountain specimens:
this robust species has a thick golden brown cap with bearded margin, ochre lamellae and stipe, lilac-staining milk, a mild taste and fruity odor. Spores are 8-11 × 6-9 μm in diameter, on average 9.2 × 7.4 μm, subglobose to ellipsoid; ornamentation is up to 0.7 μm high comprised of somewhat broad ridges, forming an incomplete to almost complete reticulum. This species is also known to occur in subalpine habitats with conifers, particularly in spruce-fir forests of the northern uSA and southern Canada (Hesler & Smith 1979) . This includes Alaska, California, Colorado, Maine, Michigan, New Mexico, New Jersey, Vermont and Ontario. It is also reported from arctic areas of Alaska (Laursen & Ammirati 1982 , Geml et al. 2009 ) and Greenland (Elborne & Knudsen 1990 , Knudsen & Borgen 1982 , Borgen et al. 2006 in North America. It has been found in subalpine areas of Europe with Betula nana (Heilmann-Clausen et al. 1998) . It is known from arctic and alpine habitats in the Alps (Bon 1998) and Iceland (Hal-grímsson 1993) . In Finland and Scandinavia it occurs in the hemiboreal to subarctic/subalpine and alpine zones (Kallio & Kankainen 1964 , Korhonen 1984 , Ohenoja 1996 , Knudsen & Vesterholt 2012 Laursen & Ammirati (1982) from Alaska and by Hutchison et al. (1988) from Québec. This is the first record for L. salicis-reticulatae in the Rocky Mountains other than a previous brief listing . It is widespread in arctic-alpine habitats and appears restricted to this zone and is not reported from subalpine forests. It is known from the Alps (Jamoni 1995 , Bon 1998 and is typically recorded with dwarf willows, particularly S. reticulata and less commonly S. herbacea and Dryas (Jamoni 2008) . It occurs in Finland, Norway and Sweden with dwarf and shrubby Salix and Betula (Kühner 1975 , Korhonen 1984 , Gulden 2005 , Knudsen & Vesterholt 2012 ).
